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Original Article
Non-invasive vagus nerve stimulation
for the acute treatment of episodic and
chronic cluster headache: A randomized,
double-blind, sham-controlled
ACT2 study
Peter J Goadsby1, Ilse F de Coo2, Nicholas Silver3, Alok Tyagi4,
Fayyaz Ahmed5, Charly Gaul6, Rigmor H Jensen7,
Hans-Christoph Diener8, Kasia Solbach8, Andreas Straube9,
Eric Liebler10, Juana CA Marin1 and Michel D Ferrari2;
on behalf of the ACT2 Study Group
Abstract
Background: Clinical observations and results from recent studies support the use of non-invasive vagus nerve stimu-
lation (nVNS) for treating cluster headache (CH) attacks. This study compared nVNS with a sham device for acute
treatment in patients with episodic or chronic CH (eCH, cCH).
Methods: After completing a 1-week run-in period, subjects were randomly assigned (1:1) to receive nVNS or sham
therapy during a 2-week double-blind period. The primary efficacy endpoint was the proportion of all treated attacks that
achieved pain-free status within 15 minutes after treatment initiation, without rescue treatment.
Results: The Full Analysis Set comprised 48 nVNS-treated (14 eCH, 34 cCH) and 44 sham-treated (13 eCH, 31 cCH)
subjects. For the primary endpoint, nVNS (14%) and sham (12%) treatments were not significantly different for the total
cohort. In the eCH subgroup, nVNS (48%) was superior to sham (6%; p< 0.01). No significant differences between nVNS
(5%) and sham (13%) were seen in the cCH subgroup.
Conclusions: Combing both eCH and cCH patients, nVNS was no different to sham. For the treatment of CH attacks,
nVNS was superior to sham therapy in eCH but not in cCH. These results confirm and extend previous findings
regarding the efficacy, safety, and tolerability of nVNS for the acute treatment of eCH.
Keywords
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dulation, randomized controlled trial
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Introduction
Cluster headache (CH) is a primary headache disorder
characterized by recurrent attacks of very severe unilat-
eral headache accompanied by restlessness and cranial
autonomic symptoms (1). CH is classiﬁed as either epi-
sodic (eCH), with attack periods lasting between 1 week
and 1 year, and separated by 1 month, or chronic
(cCH), with attack periods of 1 year without remis-
sion or with remission lasting <1 month (2). Widely
regarded as one of the most painful medical conditions,
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CH can also profoundly disturb quality of life by limit-
ing patients’ functionality in work-related, domestic,
and social activities (3).
Ideal acute therapy for CH attacks should provide
rapid symptom relief with minimal adverse events.
Evidence-based recommendations for acute CH ther-
apy include the use of subcutaneous (4)/intranasal trip-
tans (5,6) or inhaled oxygen (7). Although eﬀective,
these treatments have shortcomings. Triptans are rela-
tively contraindicated in patients with cardiovascular
disease (8). While inhaled oxygen is recommended in
Europe (9), patient access varies by country across
the European Union.
Vagus nerve stimulation (VNS), a well-established
neuromodulation treatment for epilepsy (10) and med-
ication-resistant depression (11), has been successfully
used open label in CH (12,13). Historically, approved
VNS devices were surgically implanted, while more
recently, non-invasive VNS methods have been
designed to avoid the risks of invasive approaches.
gammaCore was developed as a non-invasive vagus
nerve stimulation (nVNS) device for transcutaneous
stimulation of the cervical branch of the vagus nerve
(14). ACT1 was a randomized, double-blind, sham-
controlled study conducted in the United States (15).
It demonstrated that nVNS as acute treatment pro-
duced a therapeutic response within 15 minutes and
pain relief that was sustained through 60 minutes in
patients with eCH (15). The new study, ACT2, also
compared nVNS and a sham device with respect to
eﬃcacy and safety in the acute treatment of eCH and
cCH. This trial was undertaken to conﬁrm and extend
the results from ACT1 by examining additional clinical
and patient-related endpoints in a European setting.
The primary outcome has been reported (American
Headache Society 59th Annual Scientiﬁc Meeting; 10
June 2017, Boston, MA) (16).
Methods
Study design and participants
This pivotal, randomized, double-blind, sham-con-
trolled prospective study (NCT01958125) was con-
ducted in four European countries at nine tertiary
care sites, including academic medical centers and
headache/pain/neurology clinics, between September
10, 2013, and October 14, 2014. It consisted of a 1-
week run-in period; a 2-week, randomized, double-
blind period during which subjects were treated with
either nVNS or a sham device; and a 2-week, open-
label period wherein all subjects received nVNS ther-
apy. The study was conducted in compliance with
applicable regulatory requirements and ethical prin-
ciples in the latest revision of the Declaration of
Helsinki. An independent ethics committee approved
the study protocol before subjects were enrolled at a
site (see supplemental information for a list of inde-
pendent ethics committees). All subjects provided writ-
ten informed consent before participating.
Participants were required to be 18 years of age,
have a diagnosis of eCH or cCH according to the
International Classiﬁcation of Headache Disorders
(ICHD; second edition) criteria (17). They were to
refrain from starting new treatment, or changing the
dose of existing treatments, for CH during the run-in
and double-blind periods. Individuals with eCH who
were not in a bout at the time of screening and those
who were pregnant, nursing or thinking of becoming
pregnant during the study, or had an abnormal baseline
electrocardiogram, were excluded. Other exclusion cri-
teria are included in the supplemental information.
Interventions and procedures
During the run-in period, subjects maintained their
established standard of care regimens. A standard
design with a block size of 4 was used to randomly
assign subjects to treatment with either nVNS or the
sham device (1:1 ratio) in addition to their standard of
care regimen during the double-blind period. Each site
received sealed randomization envelopes imprinted
with subject numbers. Subjects were enrolled in con-
secutive order at each site. Unblinded trainers provided
subjects with the appropriate device, as indicated by
their randomization envelope, and training on its use.
Stimulation details
The nVNS device produced a proprietary low-voltage
signal to generate an electrical ﬁeld to stimulate the
vagus nerve: pulse width 200mS, frequency 5 kHz, inten-
sity maximum 24V. By contrast, the sham device pro-
duced a low-frequency biphasic signal that could be felt
as a variable tingling sensation but did not stimulate
the vagus nerve (18). The nVNS and sham devices were
otherwise identical in appearance,weight, visual andaud-
ible feedback, and user application. After applying a con-
ductive gel to the device’s stimulation surfaces, subjects
were instructed to self-administer three consecutive 120-
second stimulations ipsilateral to their CH attack at the
timeof attackonset (SupplementalFigure 1). If theattack
was not aborted within nine minutes after initiation of
the ﬁrst stimulation, three additional consecutive stimu-
lations were allowed during a treatment session, in order
to have an endpoint measurement at 15 minutes.
Subjects were asked to refrain from using rescue treat-
ments, that is, medications and/or inhaled oxygen, for
15 minutes after beginning stimulation. A minimum of
six hours was required between treatment sessions.
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Data collection
Subject baseline information was collected at screening
(visit 1). Throughout the study, subjects used paper
diaries to record all CH attacks, including pain inten-
sity at onset and at 15 and 30 minutes after initiation
of stimulation; rescue treatment use, number of stimu-
lations used, and adverse events. Pain intensity was
rated on a 5-point scale: 0, no pain to 4, very severe
pain (19). During visit 2 (end of run-in period), rando-
mized treatment was assigned. During visit 3 (end of
double-blind period), initial devices were collected, new
devices were distributed, and blinding assessments were
completed.
Study endpoints
All eﬃcacy endpoints were assessed for the total cohort
and the eCH and cCH subgroups. The primary eﬃcacy
endpoint was the proportion of all treated attacks that
achieved pain-free status (i.e. pain score of 0) within 15
minutes after treatment initiation. Secondary eﬃcacy
endpoints included the mean proportion of treated
attacks per subject that achieved responder status (i.e.
pain score of 0 or 1) within 30 minutes, mean propor-
tion of treated attacks per subject that achieved pain-
free status within 30 minutes, and mean change in pain
intensity from attack onset to 15 and 30 minutes after
treatment initiation. The proportions of subjects who
achieved pain-free status and who achieved responder
status in 50% of treated attacks at 15 minutes were
evaluated as exploratory eﬃcacy end points to allow
parallel comparison with results from other studies.
For all eﬃcacy endpoints that involved pain-free/
responder status, if rescue treatment was used at any
point after initiation of stimulation for an attack, that
attack was counted as a treatment failure (i.e. non-pain-
free/non-responder). Only attacks for which no rescue
treatment was used were included in the analysis of
mean change in pain intensity.
The primary safety endpoint was the occurrence of
adverse eﬀects (AEs), including type, number, and rela-
tionship to the study device. Blinding was assessed by
tallying responses when the subjects were asked to
guess their treatment group assignment.
Statistical methods
The Full Analysis Set, deﬁned as all subjects who had
1 post–run-in period eﬃcacy assessment, was used for
the primary, secondary, and exploratory eﬃcacy ana-
lyses described here unless otherwise noted. Assuming a
response probability of 0.3 for the sham group and 0.6
for the nVNS group, a sample size of 54 per group,
including a 10% margin for dropout, was determined
to provide 80% power with respect to the primary
endpoint. All statistical analyses were performed
using SAS Software version 9.4. For demographic
and baseline characteristics, quantitative variables
were summarized via descriptive statistics. Qualitative
variables were summarized via counts and percentages.
For the double-blind period, the primary eﬃcacy
endpoint was evaluated using generalized estimating
equations with treatment group and study site as inde-
pendent factors, except in the eCH subgroup analysis,
which was not adjusted for study site. A type 3 test of
ﬁxed eﬀects was conducted to evaluate the interaction
between treatment group and CH subtype.
Mean proportions of treated attacks per subject
that achieved responder status and that achieved
pain-free status within 30 minutes were compared
between treatment groups using the Wilcoxon rank
sum test with stratiﬁcation by study site. Mean
changes in pain intensity between attack onset and
subsequent time points were evaluated via 2-sided t
tests. Proportions of subjects who achieved pain-free
status for 50% of treated attacks and who achieved
responder status for 50% of treated attacks at 15
minutes were assessed using the chi-square or Fisher
exact test, as appropriate.
The safety population included all subjects who were
randomly assigned and received 1 device stimulation.
The following safety end points were tabulated by treat-
ment group and summarized descriptively for each
study period: subjects who had 1 AE, 1 adverse
device eﬀect (ADE), 1 AE leading to study discon-
tinuation, and 1 serious adverse event (SAE).
Blinding question responses were tabulated and sum-
marized descriptively.
No outliers were identiﬁed. Data from prematurely
withdrawn subjects were included in the analyses to the
extent possible.
Results
Subjects
Demographic and baseline characteristics were gener-
ally similar between treatment groups (Table 1).
Detailed subject disposition during the study is depicted
in Figure 1. In total, 495 attacks were treated with
active nVNS and 400 with sham.
Efficacy, double-blind period
Primary end point. The proportions of all treated attacks
that achieved pain-free status within 15 minutes did not
diﬀer between the nVNS (14%) and sham (12%)
groups in the total cohort (p¼ 0.71, Figure 2). There
was a diﬀerential treatment eﬀect between the eCH and
cCH subgroups, as indicated by a type 3 test of ﬁxed
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eﬀects that revealed a signiﬁcant interaction between
treatment group and CH subtype (p¼ 0.04). In the
eCH subgroup, a higher proportion of treated attacks
achieved pain-free status with nVNS (48%) than with
sham (6%; p< 0.01). No treatment diﬀerence for this
end point was seen in the cCH subgroup (nVNS, 5%;
sham, 13%; p¼ 0.13).
Secondary end points. The mean proportion of treated
attacks per subject that achieved responder status
within 30 minutes was greater with nVNS (43%) than
with sham (28%) for the total cohort (p¼ 0.05), but not
for the eCH subgroup (nVNS, 58%; sham, 28%;
p¼ 0.07) or the cCH subgroup (nVNS, 37%; sham,
29%; p¼ 0.34, Figure 3(a)). No signiﬁcant diﬀerences
between treatments were found for the mean propor-
tion of treated attacks per subject that achieved pain-
free status within 30 minutes (Figure 3(b)).
Mean decreases in pain intensity from attack onset
to the 15- and 30-minute time points were not signiﬁ-
cant with nVNS therapy in the total cohort. The diﬀer-
ences between treatment groups reached signiﬁcance in
the eCH subgroup at both time points. There was no
meaningful diﬀerence between treatment groups in the
mean change in pain intensity for the cCH subgroup at
either time point (Table 2).
Exploratory end points. The proportions of subjects who
achieved pain-free status in 50% of treated attacks at
15 minutes did not diﬀer between treatment groups for
the total cohort (nVNS, 17%; sham, 7%; p¼ 0.15), the
eCH subgroup (nVNS, 36%; sham, 8%; p¼ 0.16), or
the cCH subgroup (nVNS, 9%; sham, 7%; p¼ 1.00,
Figure 4(a)). The proportion of subjects who achieved
responder status for 50% of treated attacks at 15 min-
utes was higher with nVNS than with sham in the total
Table 1. Demographic and baseline characteristics (safety population).
By treatment group (n¼ 102) By cohort (n¼ 102)
Characteristic nVNS (n¼ 50) Sham (n¼ 52) eCH (n¼ 30) cCH (n¼ 72)
Age, mean (SD), y 43.9 (10.6) 46.9 (10.6) 42.9 (12.7) 46.5 (9.6)
Male, No. (%) 35 (70.0) 38 (73.1) 22 (73.3) 51 (70.8)
Ethnic origin, No. (%)
White 49 (98.0) 52 (100.0) 30 (100.0) 71 (98.6)
Black 0 0 0 0
Asian 1 (2.0) 0 0 1 (1.4)
Duration of CH attacks during run-in period,
mean (SD), min
69.9 (68.7) 77.4 (76.9) 69.6 (83.3) 76.1 (69.0)
CH type, No. (%)
eCH 15 (30.0) 15 (28.8) 30 (100.0) 0
cCH 35 (70.0) 37 (71.2) 0 72 (100.0)
Number of attacks per week (median, min/max) 10, 1–53 11, 2–39 10, 1–53 11, 2–39
Medications used to manage CH, No. (%)
Triptans 37 (74.0) 34 (65.3) 19 (63.3) 52 (72.2)
Oxygen 27 (54.0) 31 (59.6) 20 (66.7) 38 (52.8)
Mild analgesics 7 (14.0) 6 (11.5) 2 (6.7) 11 (15.3)
Narcotics 3 (6.0) 0 1 (3.3) 2 (2.8)
Verapamil 18 (36.0) 23 (44.2) 11 (36.7) 30 (41.7)
Lithium 4 (8.0) 4 (7.7) 1 (3.3) 7 (9.7)
Propranolol 1 (2.0) 0 0 1 (1.4)
Tricyclic antidepressants 2 (4.0) 1 (1.9) 1 (3.3) 2 (2.8)
Serotonin receptor antagonists 2 (4.0) 2 (3.8) 1 (3.3) 3 (4.2)
Antiepileptics 10 (20.0) 6 (11.5) 3 (10.0) 13 (18.1)
Corticosteroids 1 (2.0) 2 (3.8) 1 (3.3) 2 (2.8)
Other 5 (10.0) 8 (15.4) 4 (13.3) 9 (12.5)
None 0 5 (9.6) 1 (3.3) 4 (5.6)
One or more preventives 32 (64.0) 33 (63.4) 15 (50.0) 50 (69.5)
Abbreviations: cCH: chronic cluster headache; CH: cluster headache; eCH: episodic cluster headache; nVNS; non-invasive vagus nerve stimulation; SD:
standard deviation.
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cohort (nVNS, 40%; sham, 14%; p< 0.01) and the eCH
subgroup (nVNS, 64%; sham, 15%; p< 0.01), but not
in the cCH subgroup (nVNS, 29%; sham, 13%;
p¼ 0.11; Figure 4(b)).
Efficacy, open-label period
The proportion of all treated attacks that achieved
pain-free status within 15 minutes was 14% in the
total cohort, 26% in the eCH subgroup, and 11% in
the cCH subgroup during the open-label period.
Interpretation of nVNS eﬃcacy data from the open-
label period was limited by changes in subjects’ prophy-
lactic treatment regimens, which were allowed after
completion of the double-blind period.
Safety and tolerability
AEs and Adverse Device Eﬀects (ADEs) during the
study are summarized in Supplemental Table 1.
Twenty nVNS-treated subjects (40%) and 14 sham-
treated subjects (27%) had 1 AE during the double-
blind period, and 23 subjects (23%) had 1 AE during
the open-label period. The proportion of subjects with
1 ADE was similar between the nVNS (18%) and
sham (19%) groups during the double-blind period
and was 12% during the open-label period. Two sub-
jects reported four SAEs during the study, none of
which were considered treatment related. One nVNS-
treated subject had severe lower abdominal and back
pain during the double-blind period, which resolved
without intervention. One sham-treated subject
reported severe depression and anxiety during the
double-blind period. The subject discontinued from
the study, and both SAEs resolved.
Blinding
Similar proportions of subjects in the nVNS (30%;
Bang Blinding Index [95% CI], 0.08 [0.242, 0.082])
and sham (39%; 0.18 [0.029, 0.338]) groups correctly
guessed their treatment assignment.
Discussion
The data show that combining acute treatment out-
comes in patients with eCH and cCH did not show
an eﬀect of nVNS. However, nVNS was superior to
sham in patients with eCH for pain-free rates, respon-
der rates, and decreases in pain intensity, while it was
ineﬀective on all endpoints in cCH patients. These ﬁnd-
ings are consistent with those from open-label data
(12,13) and ACT1 (15), which also demonstrated sig-
niﬁcant responses to nVNS in acute attacks in patients
with eCH but not cCH. Taken together, the new data
support the use of nVNS in the treatment of acute
attacks in patients with eCH.
The mechanisms underlying the eﬀects of VNS in
treating headache have not been fully elucidated.
In recent rat model studies of trigeminovascular
Enrolled
Not randomized
Sham group
1 Personal reasonsRun-in period
1 Week
nVNS group
2 Excluded from nVNS
ITT population
3 Discontinued
2 Discontinued
2 Missing diary
1 Protocol violation
2 Other
1 Other
1 AE
Double-blind period
2 Weeks
Open-label period 
2 Weeks
End of study
Sham
n=52
(15 eCH, 37 cCH) 8 Excluded from shamITT population
6 Discontinued
2 Discontinued
6 Missing diary
2 Withdrawal
2 LTFU
2 AE
2 LTFU
2 No attacks treated
ITT
n=44
(13 eCH,
31 cCH)
nVNS
nVNS nVNS
nVNS
ITT
n=50
n=45 n= 38
n=43
n=48
(15 eCH, 35 cCH)
(13 eCH, (12 eCH,
(12 eCH,
 32 cCH)  26 cCH)
nVNS
n= 36 (12 eCH,
 24 cCH)
 31 cCH)
(14 eCH, 
35 cCH)
Safety population
n =102 (30 eCH, 72 cCH)
n=103
•
•
•
•
•
•
•
•
•
•
•
•
Figure 1. Subject disposition.
Abbreviations: AE: adverse event; cCH: chronic cluster headache; eCH: episodic cluster headache; ITT: intent-to-treat; LTFU: lost to
follow-up; nVNS: non-invasive vagus nerve stimulation.
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nociception, VNS inhibited both spontaneous ongoing
neuronal ﬁring and ﬁring in response to noxious dural
or superior salivatory nucleus stimulation (20). These
results suggest that the eﬃcacy of VNS may involve
modulation of nociceptive trigeminocervical neurons via
direct projections and incitement of bilateral structures
implicated in descending modulation of nociceptive
inputs (20). These data are consistent with an important
sensory aﬀerent role for the vagus nerve (21,22), and of
its central projections (23). Moreover, a role for vagal
modulation in non-cranial pain has also been suggested
by preclinical (24,25) and clinical studies (26). These data
are certainly consistent with the results of the new study.
By deﬁnition, cCH involves attack periods of 1
year without remission or with remission lasting <1
month (2). A subset of patients with cCH may be
refractory to prophylactic therapy after trials with sev-
eral preventive options (27), which has led to invasive
neuromodulatory approaches being considered
(28,29). A consensus statement from the European
Headache Federation has recommended appending
the ICHD criteria to include a subclassiﬁcation for
refractory cCH (30). Considering the refractory
nature of cCH, it is perhaps not surprising that
patients with this subtype may be less likely than
those with eCH to respond to acute therapies
(13,15,31). Brain anatomy diﬀers between patients
with cCH, and both healthy individuals and patients
with eCH (32), while pain and sensory thresholds stu-
died with quantitative sensory testing are no diﬀerent
between eCH and cCH (33). Establishing causal links
to chronicity is diﬃcult, such diﬀerences may contrib-
ute to the disparity in treatment response for cCH and
eCH. Further research comparing the CH subtypes, as
well as patients with primary (i.e. de novo) cCH and
cCH that evolves from eCH, is required to understand
better the mechanisms involved in chronicity and
whether these exist at disease onset or develop later
in the disease process.
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Figure 3. Proportions of treated attacks per subject that achieved responder (a) or pain-free (b) status within 30 minutes (ITT
population). (a) Responder status. Differences (SE) between treatment groups are 15.1 (7.3) for all CH, 32.0 (15.0) for eCH, and 8.1
(8.1) for cCH. (b) Pain-free status. Differences ( SE) between treatment groups are 7.8 (6.4) for all CH, 23.9 (14.4) for eCH, and 1.3
(6.5) for cCH.
nValues denote numbers of patients; p values are from the Wilcoxon rank sum test stratified by study site.
Abbreviations: cCH: chronic cluster headache; CH: cluster headache; eCH: episodic cluster headache; ITT: intent-to-treat; nVNS: non-
invasive vagus nerve stimulation; SD: standard deviation; SE: standard error.
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Figure 2. Proportions of all treated attacks that achieved pain-
free status within 15 minutes (ITT population).
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generalized estimating equations model, which was adjusted for
site in the total cohort and cCH subgroups but was not adjusted
for site in the eCH subgroup. OR> 1 favors nVNS.
Abbreviations: cCH: chronic cluster headache; CH: cluster head-
ache; CI: confidence interval; eCH: episodic cluster headache;
ITT: intent-to-treat; nVNS: non-invasive vagus nerve stimulation;
OR: odds ratio.
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Individually, adjusted dosing could also inﬂuence
treatment response in patients with cCH. During ini-
tial open-label exploratory investigations in CH,
nVNS was used as both acute and preventive therapy,
and dosing regimens were adjusted according to
patient needs and responses to explore optimal treat-
ment approaches (12). No diﬀerences in the eﬃcacy of
nVNS as acute or preventive therapy were apparent
Table 2. Changes in pain intensitya (safety populationb).
Time point Treatment group n
Attack-onset
mean
Post–attack-
onset mean
Change from attack onsetc
Mean (SE) p valued
All CH
15 minutes nVNS 36 2.4 1.1 1.3 (0.2) 0.06
Sham 31 2.1 1.2 0.9 (0.1)
30 minutes nVNS 36 2.4 0.8 1.6 (0.2) 0.07
Sham 31 2.1 0.9 1.2 (0.2)
eCH
15 minutes nVNS 11 2.2 0.5 1.7 (0.4) 0.01
Sham 8 1.6 1.0 0.6 (0.2)
30 minutes nVNS 11 2.2 0.3 1.9 (0.4) 0.03
Sham 8 1.6 0.9 0.8 (0.4)
cCH
15 minutes nVNS 25 2.5 1.4 1.2 (0.2) 0.52
Sham 23 2.3 1.3 1.0 (0.2)
30 minutes nVNS 25 2.5 1.0 1.5 (0.2) 0.50
Sham 23 2.3 0.9 1.3 (0.2)
aRated on a 5-point pain scale (0¼ none, 1¼mild, 2¼moderate, 3¼ severe, 4¼ very severe).
bAll patients in the safety population who had at least one treated attack for which rescue treatments were not used and had a
pain score at attack onset and at the specified post–attack onset time periods were included in the analysis.
cCalculated using the mean change (from attack onset to the time point of interest) in pain intensity for each subject. Only
treated attacks without the use of rescue treatment were evaluated.
dFrom 2-sided t tests.
Abbreviations: cCH: chronic cluster headache; CH: cluster headache; eCH: episodic cluster headache; nVNS: non-invasive vagus
nerve stimulation; SE: standard error.
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Figure 4. Proportions of subjects who achieved pain-free (A) or responder (B) status in 50% of treated attacks at 15 minutes (ITT
population). (a) Pain-free status. (b) Responder status.
p values were determined from the chi-square or Fisher’s exact test, as appropriate.
Abbreviations: cCH: chronic cluster headache; CH: cluster headache; eCH: episodic cluster headache; ITT: intent-to-treat; nVNS: non-
invasive vagus nerve stimulation.
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between eCH and cCH subtypes, although not all
treatment outcomes were formally compared between
the CH subtypes. Beneﬁts of individually adjusted
dosing in patients with cCH are also supported by
ﬁndings from a retrospective review of nVNS in
patients with treatment-refractory CH (34). Such
results are from open-label studies, but are neverthe-
less pertinent given that sustained improvements were
noted in several patients with CH that had been
refractory to treatment.
Triptans, subcutaneous and intranasal, and inhaled
oxygen are mainstays of acute therapy in CH owing to
their eﬃcacy (9). Such therapies are limited by dosing,
tolerability, and practicality issues, and eﬀorts to
develop options to ﬁll treatment gaps continue (35).
Other neuromodulatory therapies, such as sphenopa-
latine ganglion stimulation (36,37), are becoming more
established while the less recent approach of occipital
nerve stimulation (28,38), has many practical chal-
lenges (39,40). In the current study, nVNS was safe
and well tolerated. Rates of AEs were generally simi-
lar between the nVNS and sham groups, and no
severe device-related AEs were reported. This proﬁle,
along with the clinical beneﬁts demonstrated here and
through previous research (15), suggests that nVNS is
a safe, eﬀective, well-tolerated treatment for patients
with eCH. As a non-pharmacologic option, nVNS can
be used alongside other treatments and can easily be
incorporated into therapeutic regimens. This modality
could be especially useful when acute treatment
options are limited owing to AEs, risk of medication
overuse and/or drug interactions, or delayed/inconsist-
ent accessibility.
The potential for unblinding is an inherent concern
in the study of any medical device (41). The issue was
addressed here with a sham device that delivered a
perceptible tingling sensation without stimulating
the vagus nerve. Similar proportions of subjects in
each group correctly guessed their treatment assign-
ment, which suggests adequate blinding.
Nevertheless, this study had limitations, including its
short duration, which did not allow for evaluation of
continued/change in response with long-term nVNS
therapy. Some evidence suggests that patients who ini-
tially respond to nVNS as acute therapy for CH have
a stable response with continued treatment (12).
In epilepsy, long-term nVNS therapy has been asso-
ciated with improved eﬃcacy, which suggests possible
disease-modifying eﬀects (10). Such eﬀects have yet to
be substantiated in CH. Another study limitation was
the imbalance between CH subtypes, with the
eCH subgroup comprising <30% of subjects.
This imbalance was probably due, in part, to the
nature of the study sites (i.e. tertiary care centers)
and the recruitment of subjects throughout the year
rather than speciﬁcally when attack bouts are most
common among patients with eCH, such as during
seasonal transition periods (42). The stipulation that
subjects’ preventive treatment regimens continue
unchanged during the run-in and double-blind periods
may have impeded enrollment of individuals with
eCH, who may have opted to begin bridging therapies
immediately rather than participate in the study.
During the open-label period, subjects could alter
their CH treatment regimens by adding prophylactic
therapies, or changing doses of existing treatments, or
both. This stipulation confounded the results, making
it impossible to discern whether changes in eﬃcacy
outcomes were attributable to nVNS therapy or
to other changes in treatment during this period.
In addition, there is the possible bias of multiple
attack treatment that we mitigate using the ana-
lytic technique, and with the secondary endpoints of
treated attacks on a per subject basis. Moreover, a
substantial number of attacks were treated in both
arms, making multiple successful attack treatment
by individuals an unlikely source of the positive
outcome.
Results from this trial and prior studies under-
score several potential advantages of nVNS.
When used as an adjunct to a broad range of
established standard of care regimens, nVNS was
eﬀective in patients with CH (13,15). In previous
trials, nVNS therapy was associated with adherence
rates 90% and treatment satisfaction rates 38%
and was generally regarded as easy to use
(12,13,15). These ﬁndings, along with the portabil-
ity and ﬂexibility of nVNS and the fact that it can
be used multiple times per day, here up to four, in
conjunction with virtually any other therapy, high-
light its utility. The results of the current study
align with prior observations suggesting the accrual
of clinical beneﬁts with long-term nVNS therapy
(12,13,15).
Conclusions
In the ACT2 study, nVNS was superior to sham ther-
apy for acute treatment of attacks in patients with
eCH but not those with cCH or in the total popula-
tion. nVNS was safe and well tolerated in all patients.
These results conﬁrm and extend ﬁndings from the
previous ACT1 study (15) and demonstrate that
nVNS is an eﬀective acute attack treatment option
for patients with eCH, with a favorable risk/beneﬁt
proﬁle.
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Clinical implications
. In patients with episodic cluster headache (eCH) but not chronic cluster headache (cCH), acute use of non-
invasive vagus nerve stimulation (nVNS) led to signiﬁcantly higher pain-free rates, higher responder rates,
and greater decreases in pain intensity than sham therapy did.
. Non-invasive vagus nerve stimulation therapy was safe and well tolerated in all patients.
. These results conﬁrm those of previous studies, indicating that nVNS is a safe and eﬀective treatment that
can be used alongside other therapies in patients with eCH without increasing the risk for drug interactions
or adverse events. The data do not support the acute use of nVNS in patients with cCH.
. With its favorable risk/beneﬁt proﬁle, nVNS could ﬁll a gap in the treatment of cluster headache (CH).
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